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Wednesday, February 6, 2013 583asubtilis) associates specifically with origin-proximal parS sites and also
‘‘spreads’’ in a poorly understood way by interacting nonspecifically with ad-
jacent chromosomal DNA. Spo0J complexes in B. subtilis are required for
early segregation of newly replicated origins and facilitate loading of the bac-
terial condensin homolog SMC. using in vitro single-molecule imaging, we
have studied the mechanism of Spo0J nucleoprotein complex formation by
simultaneously observing Spo0J binding to DNA and motion of site-
specific labels on the DNA chain. Our results suggest that Spo0J forms
complexes by trapping long-distance loops between consensus parS sites
and distal nonspecific segments of DNA. Detailed in vitro and in vivo analysis
of mutants has allowed us to define the molecular determinants of DNA
bridging by Spo0J.
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The stiffest and largest organelle of the eukaryotic cell – the nucleus – is cou-
pled to active cytoskeletal filaments. But how this organelle responds to
stresses in the surrounding cytoplasm is poorly investigated. We report here
the results of studies of the translational and rotational dynamics of the nuclei
of single fibroblast cells, with the effects of cell migration suppressed by plating
onto fibronectin-coated micro-fabricated patterns. Patterns of the same area but
different shapes and/or aspect ratio were used to study the effect of cell geom-
etry on the dynamics. On circles, squares and equilateral triangles, the nucleus
undergoes persistent rotational motion, while on high-aspect-ratio rectangles of
the same area it moves only back and forth. The circle and the triangle showed
respectively the largest and the smallest angular speed. We rationalize our ob-
servations through a hydrodynamic approach in which the nucleus is treated as
a highly viscous inclusion residing in a less viscous fluid of orientable filaments
endowed with active stresses. Lowering actin contractility selectively by intro-
ducing blebbistatin at low concentrations drastically reduced the speed and per-
sistence time of the angular motion of the nucleus. Time-lapse imaging of actin
revealed a correlated hydrodynamic flow around the nucleus, with profile and
magnitude consistent with the results of our theoretical approach. Coherent in-
tracellular flows and consequent nuclear rotation thus appear to be a generic
property that cells must balance by specific mechanisms in order to maintain
nuclear homeostasis.
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Nucleus to Focal Adhesion
Qingsen Li, Abhishek Kumar, Shivashankar G.V.
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Cells sense their physical microenvironment and transduce these signals
through actin-nuclear links to regulate nuclear functions including gene expres-
sion. However, the spatio-temporal coupling between actin cytoskeleton and
the nucleus and its modulation by cell geometry are still unclear. using
micro-patterned substrates to control cell geometry, we show that perinuclear
actin organization at the apical plane remodels from mesh-like structure to
stress fibers. The formation of these apical stress fibers (ASF) correlated with
significant reduction in nuclear height and was found to exert an active com-
pressive load on the nucleus via direct contact with mature focal adhesion sites.
We further show, using quantitative fluorescence spectroscopy experiments,
that these ASFs were dynamically coupled to the nucleus via outer nuclear
membrane proteins nesprin2G. Taken together, our work provides direct evi-
dence of physical links between the nucleus and focal adhesion sites via
ASFs. We suggest that such direct links may underlie nuclear mechanotrans-
duction to regulate genomic programs.
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Geometric Constraints on Cells Induce Cytoplasmic to Nuclear
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Nikhil Jain, K. Venkatesan Iyer, Abhishek Kumar, Shivashankar G.V.
Mechano-biology Institute, Singapore, Singapore.
Physical forces in the form of substrate rigidity or geometrical constraints
have been shown to alter gene expression profile and differentiation programs.
However, the underlying mechanism of gene regulation by these mechanical
cues is largely unknown. In this work, we use micropatterned substrates to al-
ter cellular geometry (shape, aspect ratio and size) and study the nuclear me-
chanotransduction to regulate gene expression. We show that geometricconstraints result in differential modulation of nuclear morphology, acto-
myosin contractility, histone acetylation and the activity of transcription co-
factor, MRTF-A. In addition, genome-wide transcriptome analysis revealed
cell geometry dependent alterations in chromosomal activity and actin depen-
dent gene expression. Promoter analysis of these differentially regulated genes
showed that serum response factor (SRF) was an essential regulatory factor
sensitive to geometric cues. Further, we show that geometric constraints
resulted in nuclear translocation of MRTF-A and enhanced serum response
element (SRE) promoter activity. Interestingly, nuclear accumulation of
MRTF-A by geometric constraints also modulated NF-kB activity. Taken
together, our work provides mechanistic insights underlying the regulation
of gene expression by cellular geometry.
Nucleic Acid Biophysics in vivo
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Detailed structural models of genomic bacterial DNA were developed using
multi-scale modeling methods. Initial models were generated using a
coarse-grained representation of supercoiled plectonemic DNA informed by
experimental data. Conformational sampling was carried out using a Monte
Carlo procedure to generate ensembles of nucleoid structures for complete ge-
nomic DNA within the constraints of known nucleoid sizes. The resulting
models suggest that nucleoids are porous structures that may allow the diffu-
sion of most proteins and protein complexes, in particular those involved in
transcription and replication. The coarse-grained models were further refined
with increasingly detailed representations of helical DNA up to quasi-
atomistic models to serve as starting structures for realistic models of cellular
environments.
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The physical mechanism responsible for accurately partitioning newly repli-
cated Escherichia coli chromosomes into daughter cells remains a mystery.
We present a quantitative characterization of the dynamical motion of the ori-
gin of replication (oriC) using a large ensemble of trajectories generated by
automated complete-cell-cycle imaging. In contrast to the dynamics of chromo-
some segregation in eukaryotic cells, we find that the motion in this bacterium
is dominated by sub-diffusive dynamics before, throughout and after the segre-
gation process rather than processive (ballistic) motion. Instead, to maintain
accurate partitioning without processive motion, we find that oriC sub-
diffusion is subject to a small diffusional bias (or drift velocity). Prior to
oriC replication, we find that the drift velocity profile is analogous to a damped
spring with equilibrium position at mid-cell. After two replicated oriC loci are
distinguishable, the equilibrium position moves immediately to the quarter-cell
positions and stays relatively constant for the remainder of the cell cycle, sug-
gesting the mechanism responsible for maintaining chromosome structure may
also be responsible for oriC segregation.
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We present simulations investigating the role of the tail of a spherical viral cap-
sid (mimicking a bacteriophage) on the ejection dynamics of a semiflexible
polymer (representing viral dsDNA). We compare the ejection dynamics of
a neutral polymer with that of a charged one. We find that the presence of
the tail markedly slows down ejection. Our simulations suggest that this is be-
cause the last few polymer sections are trapped in the tail. Such trapping is par-
ticularly efficient for a charged polymer where the entropy of the part of the
polymer outside the capsid is greatly reduced making complete ejection of
the last few polymer sections difficult. Lowering the temperature further en-
hances this trapping.
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Conformational Fluctuations of Chromosomal DNA in Escherichia Coli
Rudra P. Kafle, Jens-Christian Meiners.
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The cell is a very crowded structure, consisting of various organelles, proteins,
nucleic acids, and cellular inclusions. It is the site of active, motor-driven
584a Wednesday, February 6, 2013processes far from thermodynamic equilibrium. Therefore, the intracellular dy-
namics are complex and subject to a multitude of constraints and forces. We
study the conformational fluctuations of chromosomal DNA in vivo in live
and dead Escherichia Coli cells by Fluorescence Correlation Spectroscopy
(FCS). Conformational fluctuations of the DNA move the bound fluorophores
stochastically into the diffraction-limited excitation volume of a focused laser
beam in a confocal microscope. From the time correlation functions of the fluo-
rescence intensity, we obtain the mean square displacement of the DNA on
a time scale from microseconds to seconds. We see a substantial decrease in
the power spectral density of the displacement fluctuations at frequencies be-
low 10 Hz in the dead cells, compared to the live cells. The larger fluctuations
in the living cells may indicate that the fluctuations on this time scale may be
driven by active processes involving molecular motors that generate forces by
ATP hydrolysis. On shorter time scales, we see little difference between live
and dead cells, suggesting that processes on corresponding short length scales
rely primarily on thermally-driven diffusive mechanisms.
Transcription
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RNA polymerase can cleave NMP at 3’end of nascent RNA by adding pyro-
phosphate (PPi) to the NMP, and produces NTP. This reaction called pyrophos-
phorolysis is a chemically reverse reaction of RNA elongation. During
transcription elongation, pyrophosphorolysis is typically 10^3-10^4-fold
slower than RNA elongation under physiological [NTP] and [PPi]. This is re-
quired for a processivity of transcription elongation. However, pyrophosphor-
olysis during transcription initiation prior to formation of a processive
elongation complex is not well characterized. We made an initiation complex
of E. coli RNA polymerase that retains 9-nt RNA by transcribing the RNA from
a psbA2 promoter. We analyzed the rates of pyrophosphorolysis with 50 mM
PPi and 1-nt RNA elongation with 500 mM GTP by a rapid chemical quench
flow. Surprisingly, the promoter-initiated complex had a fraction that performs
pyrophosphorolysis 10-fold faster than elongation in the substrate concentra-
tions that are similar to physiological ones. We could not observe the fraction
in a complex assembled with synthetic RNA and DNA oligos in which a tran-
scription initiation factor s is released (Sidorenkov et al., Mol Cell 1998). Thus,
the rapid pyrophosphorolysis appears to be specific for the promoter initiated
complex. A mechanism of the rapid pyrophosphorolysis and its involvement
in proofreading are discussed.
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The influenza A virus genome consists of eight single-stranded segments of
negative-sense viral RNA (vRNA) with highly conserved, partially comple-
mentary termini. These termini associate in a double-stranded RNA structure
which, when bound by the viral RNA polymerase, can serve as a promoter
in both viral transcription and replication. Current models suggest that tran-
scription (formation of a capped and polyadenylated mRNA) requires a single
polymerase bound to both the 5’ and 3’ ends of the same vRNA template,
while replication (formation of a full-length, non-capped and non-
polyadenylated complementary RNA template) may be performed by multiple
polymerases bound to a linear form of the vRNA segment. We use a combina-
tion of gel electrophoresis and ensemble fluorescence techniques to investigate
the interaction of purified influenza A RNA polymerase to the individual 5’
and 3’ conserved termini of the vRNA segments, as well as the double-
stranded vRNA promoter. This information guides ongoing work on the kinet-
ics of RNA polymerase - RNA interactions using single-molecule fluorescence
approaches.
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University, Columbus, OH, USA.Although much progress has been made in the study of transcription initia-
tion by E. coli RNA polymerase (RNAP), many questions still remain regard-
ing the ‘‘isomerization’’ steps which open the DNA and stabilize the
transcription-competent open promoter complex. Large scale conformational
changes in RNAP and promoter DNA occur, and allosteric communication
occurs over large distances, but the details are poorly understood. are these
mechanistic steps universal or promoter-specific? How do they relate to tran-
scriptional output? To address these questions, we are determining the kinet-
ics of transcription initiation and transcription product distribution at the
model bacteriophage promoters T7A1 and DPR, which exhibit very different
kinetic and transcriptional behavior, as well as several variants of both. These
promoter sequences differ greatly in the ‘‘discriminator’’ region between the
10 element and the transcription start site. The nontemplate strand of the
discriminator region is known to interact with region 1.2 of the RNAP s sub-
unit, stabilizing the open promoter complex. Our results show that this inter-
action is coupled to the assembly of RNAP downstream mobile elements
(DME) on duplex promoter DNA. Together, s 1.2-discriminator interactions
and DME assembly increase lifetimes of open complexes up to 105-fold and
control the RNA product distribution (i.e., short abortives versus long tran-
scripts). The DME are also targets of regulation by proteins such as T7
gp2, and are proposed to be involved in interactions between RNAP and
far upstream DNA which affect the kinetics of putting the downstream du-
plex in the active site cleft and opening it. These studies show that discrim-
inator interactions with s 1.2 control the structure, lifetime, and
transcriptional outputs of the final open complex, suggesting that the discrim-
inator region may be critically important for transcription regulation in the
cell.
3013-Pos Board B168
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Previous studies have shown that parathyroid hormone (PTH) chronically in-
hibits NHE3 in opossum kidney cells (OKP) by reducing both, total NHE3 pro-
tein and mRNA levels due to transcription modulation. The purpose of this
study was to elucidate the inhibitory mechanisms of PTH on the NHE3 gene
promoter. Different segments of the proximal promoter (157/þ31; 85/
þ31; 65/þ31 and 44/þ31) were inserted in the pGL3-basic luciferase re-
porter vector. OKP cells were transiently transfect with the vector constructs
and kept in serum-free media for 24 h. Cells were then treated with 10-7M
PTH for 24 h and promoter activity was determined. These segments were
also evaluated by gel shift assays (GMSA). Nuclear expression of the Sp3/
EGR-1 transcription factors was also assayed after treatment with 50 mM 1,
2, 3, 4, 5, 6-hexabromocyclohexane (JAK2 autophosphorylation inhibitor),
10 mM Static (STAT3 inhibitor), 1 mM KT5720 (PKA inhibitor) for 24
h.PTH decreased the promoter activity of the fragments 65 and 44
(~24% and 29% respectively). Inhibition of JAK/STAT and PKA pathways
abolished this suppressor effect of PTH. In GMSA, PTH reduced the
protein-DNA affinity of the segment 44/þ31. Western blot analysis of the
transcription factors (Sp3/EGR-1) after treatment with PKA and JAK/STAT
signaling pathways inhibitors showed that alone, these inhibitors did not affect
their nuclear expression. In conclusion, these data suggest that the cis-
element(s) required for PTH responsiveness must be localized in the proximal
promoter; the JAK/STAT and PKA pathways may be involved in this inhibi-
tory response; and this effect of PTH on promoter transcription is probably due
to changes in protein-DNA affinity without altering transcription factors nu-
clear expression.
3014-Pos Board B169
Molecular Dynamics Study of RNA Polymerase Transcription from Free
Energy Calculation
Shaogui Wu.
Beijing Computational Science Research Center, Beijing, China.
Genetic transcription lies at the heart of important biological processes. Despite
great experimental progresses being made in recent years, detailed structural
and physical mechanisms remain elusive. In this work, we chose a single-
subunit RNA polymerase (RNAP) from bacteriophase T7 as a model system.
Translocation of the RNAP along DNA has been studied by both experimental
and computational work. Single molecule experiments detected a small free en-
ergy bias between pre- and post- translocation states of T7 RNAP. Our previous
modeling study suggested that the translocation energy bias aids nucleotide se-
lection at the pre-insertion state. In current work, we are testing hypotheses
